Introduction
L ight intensity has a great impact on seed germination of plants and seedling growth, which is a key environmental factor on population regeneration of plants. The germination of plant seeds is the adaptive response to specific lighting conditions [1] . According to the different responses to light in the seed germination process, the seeds can be divided into positively photoblastic seeds, negatively photoblastic seeds and non-photoblastic seeds [2.3] . The effect of light on plant seed germination may be three types, such as stimulation, inhibition and no significant effect [4.5] . Therefore, the response of seeds to light can be used as a signal factor to indicate the appropriate environment for germination [6.7] . In addition, temperature and water are two key ecological factors for germination, especially for plants in arid and semi-arid regions [8] .
Siphonostegia chinensis Benth, a species of Scrophulariaceae, Siphonostegia, is an annual herb, with the height of 30-80 cm. With an opposite leaf arrangement, flowers are arranged opposite on the upper part of stems and branches, being loose racemes [9] . It has two lips on corolla, with the upper lip slightly purple and the lower lip yellow. It is widespread in China, such as dry mountain slopes and grasslands at 800-3400 m above sea level in the northeast China, central China, southern China, northern China, Inner Mongolia, southwest China. It is also found in Japan, South Korea, and Russia. Its entire parts have high medicinal value. Long-term gathering of wild plants leads to a sharp decline in the number of wild plants. The species have disappeared in some regions [9] . Therefore, the study of optimum germination conditions and growth environments of its seeds is of great value and significance. However, current research on Siphonostegia chinensis Benth. has focused on the study of chemical composition and the comparison of plant composition in southern and northern regions. Little research has been reported on the optimum germination and screening of growth conditions for the seeds of Siphonostegia chinensis Benth. On the basis of the background, the seeds of Siphonostegia chinensis Benth. were used as the primary materials in this study. Data of germination under different conditions (temperature, light, and water) were analyzed through filter paper germination method in Petri dishes to provide reference data for the study of optimum growth environment condition of germination, artificial planting, and introduction, thereby enlarging the application range of Siphonostegia chinensis Benth. and improving its economic value.
Materials and Methods

Experimental Materials
The experimental materials in this study were obtained from mature seeds of Siphonostegia chinensis Benth. in Huo Mountain (36°43′00″ -36°25′50″ N, 111°47′15″ -112°2′46″ E), Huozhou, Shanxi, China in October 2017. The mountain is located in the metamorphic zone formed 2.5 billion years ago. It has a warm temperate semi-humid continental monsoon climate. Its main characteristics are hot and less precipitation in summer, cold and dry in winter. The seeds were treated cleanly and placed in a 5 °C freezer for storage [10.11] . Healthy and full seeds with the uniform size were randomly selected as the experimental subjects in the study.
Experimental Methods
Seed Morphology Observation and Thousand Grain Weight Determination
Healthy and full seeds with the uniform size were obtained to determine the physical properties of seeds, such the thousand grain weight, length, and width. A total of 250 seeds were randomly selected to weigh on an analysis electronic balance with the readability of 0.001 g [12.13] . The experiment was replicated 4 times. The final mean of 4 sets of data was used as the thousand-seed weight value of Siphonostegia chinensis Benth.
Different Temperature and Light Treatment
While performing the experiment, 25 seeds were placed evenly in each disposable petri dish with a diameter of 90 mm and two layers of sterilized filter paper. All Petri dishes were numbered and four temperature gradients5/15℃、 10/20 ℃、15/25 ℃、20/30 ℃ were set. In the meantime, two light treatments (14h light/10h darkness and complete darkness) were carried out at each temperature, with 4 repetitions per treatment. During the test, 2 mL of distilled water was added to each Petri dish to keep the filter paper moist in the Petri dish. In a set of repeat experiment, 4 Petri dishes were loaded into transparent zip-lock bags [14.15.16] . Petri dishes in the dark treatment were loaded into the opaque aluminum foil bag. All bags were placed in the monitoring-temperature incubators for culture. All the experiments were set to observe and record the germination situation at the same time every day from the 2nd day of the experimental layout. Radicle breaking through 2 mm of the seed coat was regarded as the germination standard [17.18] . If moldy seeds were found, the seeds were picked out with disinfectant tweezers and recorded in time during the test period, avoiding contaminating other seeds [5.19.20] . If seed germination was not seen for 3-4 consecutive days after the germination period, it was regarded as the end of the germination experiment. The vitality of the seeds was determined after the end of the experiment. The remaining seeds were gently pressed with tweezers under the microscope. If the seeds were hard, they were regarded as active species, and vice versa were non-active seeds. Active seedswere continuously cultured under the corresponding light and temperature conditions [21.22] . The experiment was terminated when the seeds were not germinated for two consecutive days. Finally, data were counted and analyzed to obtain the optimum environmental conditions for stimulating germination [23.24.25] .
After marking the number, the media were cultured in the constant temperature incubator, the germination data are counted at the same time every day. During the test, the media were changed once two days to prevent the change of the medium concentration, seed mildew, or inaccurate experimental results [26.27] .
Determined Indexes
Germination percentage(％)=total number of germinations / number of seeds tested×100％
Germination energy(％ )=total number of germination peak / number of seeds tested×100％
Germination index(GI)＝ ∑ ( ) Gt Dt / Note: Gt(daily germination), Dt(the corresponding number of days of germination)
Data Processing
Microsoft Excel was used to perform statistics and calculation for the germination rate, germination potential, and germination index of seeds of Siphonostegia chinensis Benth. The variance, standard error and single-variable analysis were conducted with SPSS17.0 software. The significant differences between the factors were compared and the difference map was drawn by Microsoft Excel.
Results and Analysis
Thousand Seeds Weight, The Length and the Width of Seed
Thousand seeds weight 0.077±0.006g, seed length (1.019±0.062cm), seed width0.583±0.037cm.
The Impact of Light Duration on the Seeds of Siphonostegia chinensis Benth. under Different Temperature
The germination rate, germination potential and germination index of the seeds of Siphonostegia chinensis Benth. showed obvious difference under the condition of 5/15 °C,10/20 °C,15/25 °C,20/30 °C, 14h light/10h darkness, and complete darkness. Under the condition of 14h light/10h darkness, the seeds of Siphonostegia chinensis Benth. were not germinated in the 5/15°Cand 10/20 °Ctemperature range. With the same light, the germination rate, germination potential and germination index increased with the increase of temperature in 15/20 °Cand 20/30 °Ctemperature range. Under different light duration in 15/20 °Cand 20/30 °Ctemperature range, the difference between the germination rate, germination potential and germination index of Siphonostegia chinensis Benth. were statistically significant. In addition, the germination rate in the complete darkness was significantly greater than that of 14h light/10h darkness, indicating that high temperature and dark conditions were more suitable for seed germination of Siphonostegia chinensis Benth.
The Impact of Light Duration on the Seeds of Siphonostegia chinensis Benth. under Different PEG
Under the light duration of 14h light/10h darkness, the germination rate, germination potential, and germination index of Siphonostegia chinensis Benth. increased first and then decreased with the increase of PEG concentration. Among which, each index was the maximum at 5% of PEG concentration; differences of the indexes were statistically significant with 10% and 15% of the PEG concentration. Under the condition of complete darkness, the germination rate, germination potential, and germination index of Siphonostegia chinensis Benth. showed a fluctuating trend with the increase of PEG concentration. With the same light condition and 20% of PEG concentration, the seeds of Siphonostegia chinensis Benth. were not germinated. It demonstrated the low drought tolerance ability of Siphonostegia chinensis Benth.
Discussion and Conclusion
Seed germination requires environmental factors such as suitable water, oxygen, temperature or light. The environmental conditions required for different seed germination are various. The effects of different environmental factors diverse from each other, but they are related to each other and affect the life activities of seeds in an integrated way. Different plant seeds have various requirements for temperature conditions. Seedshave active metabolic reactions during germination. Therefore, in a certain temperature range, the germination process stimulates with the increase of temperature, whereas too elevated temperature results in denaturation in some living active substances, such as enzyme degeneration, and then it has a negative effect on germination. The experimental results showed that the germination rate, germination potential, and germination index of Siphonostegia chinensis Benth. were on the rise with the increase of temperature. the germination index reached the highest under 20/30 °C, and seed germination indexes of Siphonostegia chinensis Benth. under all dark conditions were significantly higher than that of 14h light/10h darkness. Seeds of Siphonostegia chinensis Benth. were not germinated at 10/20 °Ctemperature. This result is similar to the study results of Zheng et al. onArtemisia sphaerocephala.
Light is a key factor affecting seed dormancy, which is mainly controlled by the far original red-light absorption photosensitizer (Pfr) and red-light absorption photosensitizer in the seed [28.29] . The effect of light on seed germination is different because of different threshold requirement of original Pfr content to the Pfr/Pr. Quiros et al. proposed that the light cycle demand for the growth of the Lepidium meyenii was not clear. In the origin of Lepidium meyenii, the daytime was less than 13h during the growth, indicating that it may be a short-day or mid-day plant. This study showed that seed germination indexes of Siphonostegia chinensis Benth. undercomplete dark conditions were significantly higher than that of 14h light/10h darkness. However, under the condition of drought, the germination rate, germination potential and germination index of Siphonostegia chinensis Benth. firstly increased and then decreased at 14h light/10h darkness, and the low concentration was more conducive to the seed germination of Siphonostegia chinensis Benth. The germination rate, germination potential, and germination index of Siphonostegia chinensis Benth. under all dark conditions showed a fluctuating decline trend, inhibiting the seed germination.
Moisture is an important factor affecting seed germination. Because the seed coat permeability of each species and the water absorption of seed internal components are quite different, seed germination of each species is of great difference in the water potential of the environment, and the minimum moisture required for seed germination of different plants is also various. Some studies showed that the seeds of some species could not germinate when the concentration of PEG-6000 was higher than 15%. Wild chrysanthemum seeds could not germinate when the concentration of PEG-6000 was greater than 20% [30.31.32] . In this study, it showed that the germination rate, germination potential, and germination index of the seeds of Siphonostegia chinensis Benth. firstly increased and then decreased with the rise of PEG concentration and 14h light/10h darkness. The low concentration was more conducive to seed germination of Siphonostegia chinensis Benth. The germination rate, germination potential, and germination index of Siphonostegia chinensis Benth. under all dark conditions showed a fluctuating decline trend with the rise of PEG concentration. Under the high concentration and drought condition, the seed germination was inhibited.
In conclusion, suitable water, temperature, and light are key techniques for seed germination of Siphonostegia chinensis Benth. This result provides a scientific reference and an effective way for the protection and rational development and utilization of introduction and cultivation of Siphonostegia chinensis Benth. as one of wild Tradi-tional Chinese medicine resources Furthermore, there are diverse factors affecting seed germination and seedling growth of Siphonostegia chinensis Benth., which need to further study. With polyethylene glycol (PEG-6000), of 0% (CK), 5%, 10%, 15%, 25% used to simulate drought stress, and CaCl2 concentration 0 (CK), of 15, 20, 25 and 30mmol/L as ion gradient of exogenous calcium, the effects of drought, exogenous calcium and the interaction between the two on the Datura seed germination, so as to explore the optimal application amount of exogenous calcium to ease the suppression of drought stress on Datura seed germination. The results showed that the germination rate, germination potential and germination index of the Datura seeds were significantly lower than those of the control group. Under the normal moisture condition, exogenous calcium of moderate and low concentration had no significant effect on the Datura seed germination, while that of high concentration showed an inhibitory effect on the seed germination. Under drought stress, with the increasing concentration of exogenous calcium, the three indicators of Datura seeds showed a trend of increasing first and then decreasing. When the exogenous calcium had the concentration of 20 mmol/L, all the indicators of seed germination reached the maximum value, while showed a downward trend when exogenous calcium concentration was 25-30 mmol/L, and even increasingly sharp with drought intensifying. Therefore, in the production and utilization of Datura, 20 mmol/L of exogenous calcium can be used to soak seeds before sowing to improve the emergence rate under low and moderate drought conditions. 
Supplements
Keywords
Introduction
S eeds are an important stage in the life history of a plant, and an important time for the study of drought resistance of the plant [1] . The germination rate, germination potential and germination index of the seeds mirror the germination speed, uniformity and the strength potential of seedlings, all of which declined dramatically with the increasing of drought stress intensity [2, 3] . Under the action of severe drought stress (over 15%), the seed germination rate was extremely low, implying that even if the seeds were germinated, the growth of the seedlings was significantly inhibited, showing that it is feasible to study the drought resistance of Datura with PEG solution of different osmotic potential gradients to simulate drought stress [3] .
33.6 percent of the land area on earth is arid or semiarid. Years of research data show that among the meteorological disasters in China, drought influences as much as half the national territorial area, more seriously than flood(27.8%) [4] . Technology, drought is listed as top of climate disasters in China. Since the beginning of the 21st century, drought occurs every year in China, different in impact scope and severity, but seasonal drought occurs almost yearly [5, 6] . Compared with the second half of the 20th century, the frequency of drought has increased significantly, and the average area affected by drought remains almost the same, but the percentage of the disaster area has increased [7, 8] .
Since Shanxi Province is home to limestone resources [9] , plus the requirements of national development, mountain quarrying has become an important economic source in parts of Shanxi Province. However, because of the fact that the quarrying technology is not advanced, the policy provisions are not strict enough, with excessive pursuit of economic benefits, over-exploitation and the like inappropriate actions, the regional ecological environment has been dramatically damaged. There lies a decline in biodiversity, serious soil erosion, environmental pollution, broad distribution of bare rock, etc [10, 11] . The exposed quarries and quarrying wasteland will lead to intensified soil erosion, loss of species diversity, waste of resources, reduced vegetation cover, and the like problems [12, 13, 14] . However, with a further increase in the demand for limestone, the mining scale is expanding year by year, and problems like environmental damage becomes increasingly prominent, so is the difficulty of rectification. The recovery management of limestone after mining is urgent [15] . In the process of ecological restoration, the selected species need to show good adaptability to the soil environment with high calcium.
In recent years, the impact of the mining of such limestone mountains on the environment in Shanxi Province has been studied by many experts and scholars, who try to solve the environmental problems in limestone lands through a scientific method and approach [16, 17] . Unfortunately, there has been no mature theoretical and technical standard for this technology. In the restoration project, imported plants like Bermudagrass, Chloris virgata, and alfalfa are adopted. These plants have various problems, such as their ability to adapt to the slope habitat and the distinct climate of the Loess Plateau, their shortcomings of single variety, poor resistance against diseases, population degradation, potential threat to the native species and so on [15, 18, 19, 20, 21, 22] . However, there is less report on the restoration of limestone mountains with native species.
Datura stramonium Linn. can be seen throughout the country. As a herb or suffruticose therophyte, Datura grows well in places with abundant light. Since it is a heliophyte, it has a strong adaptability to the environment, with low requirements for soil conditions [23, 24, 25, 26] . If there is a piece of soil rich in organic matter and calcareous, Datura can live here quite well. The Chinese herbal medicine field has not only developed a long history, but also has won a good reputation at home and abroad. As one of the traditional Chinese herbal medicines in China, Datura has been recognized and applied for a long time. Its seeds can be used to treat diseases like insomnia and headache, its leaves can be used to treat asthma, its flowers can be used for cough relieving, and furthermore, its flowers also have a positive effect in drugs cessation, especially for the elimination of heroin, which can effectively reduce the relapse of drug addicts [27, 28, 29, 30] .The Datura flower is relatively large, with a high ornamental value for a brightly beautiful color, tubular flower buds and a funnel-shaped corolla, so it plays an irreplaceable role in gardening, urban greening construction, environment beautifying, soil conditions improvement, etc. What's more, Datura has volatile oil with complex components, which can be used to make green pesticides, so it is of great value in agriculture and forestry [23, 31, 32, 33, 34] .
The materials collected in this experiment are located in the limestone area of Huoshan, Linfen City, Shanxi Province, where it is dry, with low precipitation and many calcium ions. Therefore, the effects of different PEG and calcium chloride concentrations as well as the interaction of PEG and calcium chloride on seed germination can be explored [35, 36] , thereby providing references and a theoretical basis for the reproduction of native Datura and a scientific basis for the germination conditions of Datura seeds. In addition, it can also provide references for the improvement of the ecological adaptability and ecological restoration of Datura.
Materials and Method
Experimental Materials
Collection time of Datura seeds for the test: October 2017; collection location: Huoshan, Shanxi Province.
Experimental Method
The CaCl 2 concentration was designed to be the five gradients of 0, 15, 20, 25 and 30mmol/l, respectively, to simulate exogenous calcium. The PEG -6000 solution was used to simulate the drought stress, and it was set a total of six osmotic pressure gradients0%, 5%, 10%, 15%, 25%at room temperature (25±2℃ ). The two factors have a total of 30 treatments, each of which was repeated 4 times.
The seed germination test was carried out on the petri dish paper. Full seeds were selected and placed on the petri dishes which has two layers of filter paper at the bottom. On each petri dish lay 25 seeds, with 2mL of pre-configured CaCl 2 and PEG solution added into it, and then the petri dishes were placed in a constant temperature incubator of 25 ℃ for germination. Every day, the number of germinated seeds was observed and recorded, and the fact of germ breaking through the seed coat by 2mm was taken as the standard of germination, and the evaporated moisture was supplemented every day.
Seed germination rate (Gr) = the number of germinated seeds in 15 days/ the number of seeds tested × 100%.
Germination potential (Gp) = the number of normally germinated seeds in the first 5 days / the total number of seeds × 100%.
Germination index (Gi) = MDG • PV. Seed vigor index (Vi) = seedling growth potential (seedling fresh quality) × Gi.
In the equations, MDG is the average number of seed germination per day, i.e. the number of germinated seeds at the end of the germination test / the number of days of the germination test; PV is the maximum germination rate of the seed, i.e. the largest germination number on any day during the test /the number of days the maximum value needed.
Data Processing
All data were processed with SPSS 16 software. The two-way analysis of variance and the least significant difference (LSD) were used to compare the differences between different data sets. The significance level was set as α=5.
Results and Analysis
The Length, Short Diameter, Thickness and Weight of Datura Seed
A mature Datura seed appears to be of a slight brownish or blackish color. The seed is morphologically large, kidney-shaped, with a leathery seed coat of a waxy structure. The umbilicus is triangular and inwardly recessed. The length diameter, short diameter, thickness and TKW of the seed are shown in Table 1 .
Effects of Drought on the Datura Seed Germination
The germination rate (GR), germination potential (GP) and germination index (GI) of the Datura seeds decreased with the increase of drought stress intensity, and the difference between the drought treatments reached a significant level (P< 0.05). Based on table 2, it can be known that under normal moisture conditions, the germination rate and germination potential were 64% and 37%, respectively, both of the two indicators significantly reduced when drought stress was 15%, and reached the minimum when drought stress intensity was 25%, 21.8% and 21.6% of the control respectively. The GI of the Datura seeds was 1.47 and decreased gradually with the increase of drought stress intensity and reached the minimum at 25%, 77% of the control, indicating that drought stress seriously affected the Datura seed germination.
Effects of Exogenous Calcium on Datura Seed Germination
The temperature of the seed germination period of the limestone mountain was simulated, i.e. the temperature of 15/25°C, under which condition the Datura seed germination test was conducted with different CaCl 2 concentrations. The results analysis of the germination rate of the Datura seeds are shown in Table 3 . With the changing of CaCl 2 concentration, the germination rate, germination potential and germination index of the seeds vary sharply, that is, first increase and then decrease. The germination rate varies little among the treatment groups, and the other two indexes reduced to the lowest at 30 mmol/L of CaCl 2 , which was significantly different from the other control groups. The results showed that exogenous calcium had little effect on the Datura seed germination, but inhibited it when the concentration reached to be 30%.
Effects of Interaction between Exogenous Calcium and Drought on the Germination Rate of Datura Seed
The two factors analysis of variance on the three indicators of Datura showed that the interaction between exogenous calcium and drought had an effect on the germination rate, germination potential and germination index of Datura seeds, and all the three indicators reached a significant level (P<0.05).
According to Table 2 , under the same drought stress gradient, the germination rate, germination potential, germination index and vigor index of Datura all rised first and then reduced with the increase of exogenous calcium concentration. When the drought stress was 5%, all the four indexes significantly decreased when the exogenous calcium concentration was 30mmol/L (P<0.05). When the drought stress was 10%, the germination rate and germination potential index reached the maximum when the exogenous calcium concentration was 20mmol/L, which were 0.64 and 0.34, respectively, reaching a significant difference (P<0.05). With a further increase in the exogenous calcium concentration, the three indicators began to decline, and the four indicators were significantly lower than the value at 0% when the exogenous calcium concentration was 30 mmol/L. When the drought stress was 15%, the three indexes reached the maximum when the exogenous calcium concentration was 20mmol/L, which was 1.23, 1.29, and 1.14 times those at 0%, respectively. When the exogenous calcium concentration was 30mmol/L, the three indexes decreased sharply, 0.56, 0.76, and 0.59 times those at 0%, respectively.When the drought stress was 25%, the three indicators reached the maximum when the exogenous calcium concentration was 20 mmol/L, with no significant difference from the control group under their own drought gradient, and then reduced with the increase of exogenous calcium concentration, the three indexes were significantly lower than those at 0% of the drought gradient (P<0.05).It can be seen that the exogenous calcium of appropriate concentration (20mmol/L) can promote the Datura seed germination under drought stress, especially the moderate drought level (10%, 15%), while that of high concentration (25~20mmol/L) would further inhibit the Datura seed germination under drought stress.
Results
Datura has a high medical, agroforestrial and ornamental value. The first important problem that must be faced in the cultivation and application of Datura is that the germination rate of Datura seeds is relatively low. Datura seeds are naturally in dormant state, with a dormancy period of about 6-8 months. The Datura seeds selected for this experiment were collected in early October 2017 and the experiment started in mid-March 2018, so the seeds had been stored for nearly 6 months, and the substances inhibiting germination in the seeds had almost been decomposed. The dormant state had been broken, so no mechanical friction or other processing of the seed was needed during the test.
Calcium is one of the essential elements for the growth of advanced plants. As a signal substance, Ca 2+ involves in the physiological processes such as plant growth and development, seed dormancy and germination, etc. Also, Calcium is an activator for some enzymes like ATP, hydrolysis, dehydrogenation of succinic acid, etc. The exogenous Ca 2+ of an appropriate concentration can promote the increase of endogenous free Ca 2+ content in seeds, while the intracellular free Ca 2+ and calmodulin are combined to directly or indirectly regulate the activity of relevant enzymes and cell function within the cell, thus to a certain extent reduce the damage of the adversity to the seed and improve the seed germination and vitality. In this study, under normal moisture conditions, 15%-20% of exogenous calcium showed no significant effect on the germination rate, germination potential and germination index of Datura, with differences not reaching a significant level compared with the control group, indicating that exogenous calcium had no positive effect on the Datura seed germination, which varies from the results of previous studies. In the experiment, when the concentration of exogenous calcium ion was 30%, the difference between the treatments reached a significant level, implying that exogenous calcium of high concentration inhibited the Datura seed germination. Exogenous calcium and drought have a significant interactive impact on the Datura seed germination.Under drought stress, exogenous calcium of an appropriate concentration (20%) could promote the Datura seed germination. Under moderate drought conditions (10%, 20%), the promotion was noticeable; severe drought ruined the physiological mechanism of the Datura seed, so exogenous calcium showed no significant effect. Therefore, for the production and utilization of Datura, 20% of exogenous calcium can be applied to soak the seeds before sowing to enhance the germination rate in the moderate arid areas.
Thanks to the weathering effect and some of human activities in the Huoshan Mountain area, a special geological condition---saline-alkali land---formed. The saline-alkali land features calcium ions of a high concentration and drought. Datura seeds have certain tolerance to calcium ions and can germinate normally under the soil conditions in the Huoshan Mountain area. This has a positive effect on improving soil quality of the Huoshan Mountain area. Trees have a long juvenile phase before reproductive onset. This makes their breeding and studying floral development difficult. Precocious flowering using FT technology has shown promise. However, transgenic FT overexpression has significant negative pleiotropic effects. Hence, there has been interest in inducible FT expression for flower induction. Previously reported heat inducible expression of FT in poplar successfully induced flowering. However, flowering was sporadic and took up to 6 weeks. Here we report improvements in the protocol, which led to faster and more prolific flowering. Specifically, we increased the once to three times daily heat treatment. The repeated heat inductive treatments led to nearly five times higher FT expression, compared to the single daily treatment. The highly increased FT expression led to significant acceleration and abundance of flowering. 
Keywords
Introduction
T he long juvenile phase before reproductive onset in perennial trees is a major obstacle in breeding and studies of flower development. To overcome this challenge various methods were developed to induce early flowering such as pruning, girdling, water stress and growth regulator paclobutrazol [1, 2] . More recently transgenic upregulation of floral meristem identity genes like LEAFY and Flowering Locus T (FT) were successfully used to induce early flowering in many trees [3] [4] [5] . However, ectopic expression of floral meristem identity genes produces severe pleiotropic phenotypes which renders transgenic plants unusable for breeding purposes and studying gene function. To overcome this problem inducible system driving three FT homologs, two from poplar (FT1 and FT2) and one from Arabidopsis (FT), was developed in poplar [6] . The system employed the heat inducible promoter from soybean heat shock protein and tested in a male (353) and female (717) poplar clones [7] . Surprisingly, among the three FT homologs, the Arabidopsis FT showed best results in inducing flowering in both clones, although the male clone typically produced earlier and more prolific flowers [7] . Although the system was successful, flower inflorescences were sporadic and needed weeks of treatments (3 weeks for the male and 6 weeks for the female clone). The induction protocol employed a daily single 37 o C treatment. We hypothesized that this treatment is insufficient to mount sufficient FT expression and thus the lengthy and inefficient flower production. The major objective of this study therefore was to modify the existing protocol to increase the FT expression and ac-Distributed under creative commons license 4.0 celerate and improve flower abundance.
Methodology
We used 353 male and 717 female poplar clones transformed with the Arabidopsis Flowering Locus T (FT) regulated by a heat-inducible promoter [7] . These clones were kindly provided by Dr. Steven Strauss at Oregon State University. Heat shock (37°C for 90 min) was administered once daily at same time each day [7] . To increase FT expression, we used three cycles of heat induction of 90 min at 3h intervals: First heat cycle 4.30am-6:00am, second 9:00am-10.30am and third cycle 1:30-3:30pm). The rest of the time growth chamber setting was 16h light (4am-8pm), 20°C.
Heat Induction Experiment
RNA Isolation and Quantitative Real-time PCR (qRT-PCR) Analysis
Total RNA was extracted using the RNeasy Plant Mini Kit (Qiagen) from leaf samples. 500ng of the total RNA from each sample was used to generate cDNA using an iScript cDNA synthesis kit (BioRad). Selected ACT7 reference genes were validated using GeNorm Software [8] . qRT-PCR analyses were carried out with StepOnePlus Real-Time PCR System (Applied Biosystems, Life Technologies) using Maxima SYBR Green qPCR master mix (Thermo Scientific Co.), and relative expression values were calculated using the ∆-CT-method, as previously described [9] . A complete list of primers used in RT-PCR analysis is presented in Table 1 . 
Table 1. List of primers used in this study
Results
Using the previously described protocol and transgenic clones, we found similar flower induction as previously described [7] . We used transgenics transformed with Ara-bidopsis FT, because they showed the best results in both clones. The daily, 90 min of heat treatment (37 o C) did induce flowering in both clones but flowering was sporadic and took up to 6 weeks (Figure 1 ). Specifically, flowering initiated in 3 weeks in the male 353 genotype and 6 weeks in the female 717 genotype ( Figure 1A-B) . We studied the FT expression in leaf samples at 2h and 4h after heat induction in both clones. We found higher expression in male genotype 353, as compared to female genotype 717 ( Figure 1C) , which took twice longer to induce floral development. Based on this expression pattern of FT, we hypothesized that insufficient FT expression may be the limiting factor to induce early flowering. To increase FT expression, we used three cycles of heat induction of 90 min at 3h intervals. The repeated heat inductive treatment resulted in an almost fivefold increase in FT expression compared to normal once daily heat induction and earlier and more uniform flowering (2-3 weeks after heat induction) (Figure 2 A-H). The repeated heat inductive treatment also resulted in a greater number of catkins in both clones (Figure 3 A, B) . These results indicate that FT is a limiting factor during heat induction methods used previously, and our method of three cycles of heat induction is a more efficient to induce much earlier and more prolific flowering. 
Discussion
FT is well studied flowering time gene and ectopic expression induces early flowering across plant species including trees [10, 11] . However constitutive upregulation causes major negative pleiotropic effects [10] . Previously developed FT inducible system in poplar showed promise to address this challenge but also had some significant limitations [7] . Specifically, up to 6 weeks of the inductive treatments were needed and flowering was sporadic [7] . We show here that the likely cause for these problems was insufficient induction of FT. Male genotype 353 flowers twice as fast as compared to the female 717 genotype [7] . FT induction at the same time points and conditions was much higher in 353 compared to 717 ( Figure 1A-C) . Increase in the once to three times of heat induction daily, resulted in almost five-fold expression increase of FT in both genotypes. This led to significant acceleration of flowering, particularly in the female 717 clone, which as mentioned earlier has a significantly lower FT induction compared to the male 353 clone. In addition to acceleration of flowering, the modified treatment and higher FT expression also led to increase in number of catkins ( Figure 3A, B) . Despite earlier flowering and increased number of catkins, the inflorescence development in the female clone was not complete and catkins aborted within 3-4 weeks after treatment termination. The most likely cause was the much lower expression of FT in the female background. Even after the improvement in administrating the heat treatments, FT expression was nearly 10-fold lower in the female genotype ( Figure 2D, H) . The cause for the lower induction of FT in the female background is unknown. It could be a result of a position effect due to insertion of the construct in a less active chromatin, overall less effectiveness of the heat induction system in this background or methylation and other chromatin modifications of the transgene. Further investigation of these potential causes will lead to strategies that can overcome the low FT induction.
Conclusions
We report improvements to the heat induction protocol of FT in poplar, which leads to faster and more prolific flowering. The primary cause for the observed improvements is likely the significant increase in FT induction, caused by the repeated administration of the inductive treatments. The improvements in the protocol can be also applied to other inducible technologies employing the same promoter.
In the work, bean callus raised from a leaves of Bean common mosaic virus infected bean plant was obtained and adapted for the testing of antiviral activity of liposomal glycan-glycolipid complexes. Ganoderma adspersum glucans and Pseudomonas spec. rhamnolipids were constituents of liposomal compaunds. It has been shown that under the long-term cultivation (up to 3 months) in the presence of a liposomal preparation containing (10-100 mg/l), the virus is eliminated from the tissue. This is evidenced by the absence of 391 bp sequence amplification product established by RT-PCR in the callus tissue, cultured on a medium containing the liposomal complex. The proposed model system is analogous to plant tumors and has obvious advantages over similar systems in vivo, since the callus growth is controlled and independent of environmental factors. 
Keywords
Introduction
Somatic plant cells, grown under normal conditions, integrate into specialized tissues and organs performing different physiological functions. However, under the influence of certain environmental and anthropogenic factors (injuring, insect and infectious invasions), plants are capable of forming tumors in the form of growths, crowns galls, plant leaf deformations, etc. One of the types of cell neoplasms is tumors induced in plants by the Agrobacterium tumefaciens Ti-plasmid [1] . Tumors caused by this pathogen are common in berries, fruit trees, grapes and some field crops and can be modeled in vitro in the pa-renchymal tissues of some vegetable plants and potatoes [2] . In this work, we showed high antitumor and antiviral activity of glycan-containing preparations. Since abnormal plant growth induced by external agents (viruses, bacteria, fungi, insects) as well as by physical and chemical means are actively discussed in literature, the testing of antiviral activity of such substances in callus culture is of particular interest. Thus our earlier studies have shown the possibility of using callus culture (as a species of such tumors) as a model for the selection and study of the mechanism of action of antitumor preparations [2] . This paper deals with tumors formed by meristematic cells that are generated after mechanical wounding of Distributed under creative commons license 4.0 cambium, and can also be cultured on artificial/synthetic medium with subsequent regeneration of new plants under the plant growth regulators (auxins and kinetins) influence [1] . In our laboratory, it has repeatedly been shown the possibility of eliminating the virus in case of cultivating a virus-infected callus and obtaining healthy and virusresistant plants-regenerants [3] . The use of such a method of plant recovery is especially relevant for plants with seed transmission of plant viruses as it was shown for beans infected by bean common mosaic virus (BCMV) and bean yellow mosaic virus (BYMV) [4, 5] .
The purpose of our research was to: develop a callus cell culture (CCC) for BYMV or BCMV infected bean and try to recover it from viral infection using liposomal glycan preparations (LPs) developed in our laboratory [6] .
Materials and Methods
Callus Cell Culture
4-8 week-old seedlings of bean plants P. vulgaris cv. Red
Riding Hood were grown in spring and summer period in a greenhouse with a temperature cycling between 18 and 24 • C. The plants were inoculated by rubbing of extracted sap (in cold 0.1 M phosphate buffer, pH 7.2 (1:10 w/vol) onto leaves pre-dusted with carborundum. Bean plants infected with BCMV or BYMV and showing suspected virus symptoms patterns of mosaic, yellowing, mottling or chlorosis were used for callus formation (Figure 1) .
Bean leaf and stem internodes used as the starting material were excised from the mother plant and washed with running tap water. Surface sterilization was done within a laminar air flow cabinet by dipping the runner tips in 70% ethanol (2 min) and 3.0 % sodium hypochlorite (NaOCl) for 3-5 min. Afterwards, explants were rinsed several times with sterile distilled water. The explants (leaves and nodal segments sliced into 0.5-1.0 cm 2 pieces) were cultured on Gamborga (GB) nutrient mediums containing kinetin and 2.4-D at a concentration of 0.1 and 1.0 g/l, respectively. The pH was adjusted to 5.5 before adding agar and autoclaving (121 °C, 0,5 MPa, 60 min). The culture vessels containing explants were incubated in a growth chamber under a 16/8 h light/dark cycle at 25 ± 2 °C. During 1-3 months the observations were made on explant development and all calli were screened for the presence of virus by RT-PCR. The culture passage was performed once a month.
Antiviral Praparations
Liposomal-based glycan preparations (LPs) were obtained according to previously described methodology [6] . In this work, we used two liposomal glycan-glycolipid complex-es (GGK-3 and GGK-4), formed on the basis of the water-soluble glucan Ganoderma adspersum (GGK-3), and mix of three glycans (Candida maltose mannan, Ganoderma adspersum glucan, Tremela mesenterica glucuronoxylomannan) (GGK-4). Methods of obtaining and properties of polysaccharides were described earlier [7] . Rh-1 and Rh-2 rhamnolipids extracted from Pseudomonas spec. PS-17 culture fluid were used for LPs obtaining. Different concentrations of GGK-3 and GGK-4 (10-500 mg/l) in the form of an emulsion were added to the cultural mediums. Mediums without test substances served control in antiviral activity experiments [6] .
Virus Detection and Identification
Bean leaf samples and callus tissues were assayed by the Reverse Transcription and Polymerase Chain Reaction (RT-PCR). Presence of virus RNA in the calli was assayed every transfer. Total RNA was isolated using AmpliSens Ribo-Sorb DNA/RNA extraction kit. PCR test kit AmpliSens Reverta-L-100 was used to generate cDNA according to the manufacturer's instructions. The reaction mixture for the PCR (of 20 µl) contained: 1 × PCR buffer with 1.5 mM MgCl 2 , 0.2 mM dNTPs, 10 -50 ng of cDNA, 0,5U Taq polymerase. Primers were used at final concentration of 5 pmol. The amplification was performed in DNA Thermocycler "Tertsyk" TP4-PCR-01.
The primer pairs chosen for BCMV detection amplified DNA fragments comprising 391 bp of 5'-coat protein region [8] . BYMV1f and BYMV2r primer pairs to the site in the coat protein sequence were used in the study for the BYMV detections [9] . Synthesis of primers was made by Biolabtech (Kyiv, Ukraine).
For the specific primers, amplification was used for 35 cycles: denaturation at 94°C for 5 min, 35 cycles of amplification (94°C for 30 s, 60°C for 30 s, and 72°C for 30 s), and a final extension at 72°C for 7 min. The PCR fragments were verified in a 1.5% (w/vol) non-denaturing agarose gel after ethidium bromide (0.5 mg/ml) staining. The gel was run at 120 volts and maximum current for 45 min before being viewed under UV light and photographed.
Results
In Ukraine fairly high incidence of three virus diseases occurs on bean crop. Soybean mosaic virus (SMV), bean common mosaic and bean yellow mosaic viruses have been found to reduce yield and adversely affect seed quality [4, 5] . BYMV is the most destructive disease of bean. The virus is widespread and causes economic damage in susceptible bean cultivars that react with apical bud necrosis, leading to plant death [10] . In addition, the virus is spread by a number of aphid species non-persistently as well as being seed and mechanically transmitted. In view of these facts, before studying antiviral activity of liposomal preparation in plant tissue culture, we aimed to develop a suitable model system "virus -CCC", firstly, for BYMV.
To obtain the virus callus BYMV-infected bean plants exhibited mild to severe yellow mosaic symptoms on leaves were used (Figure 1 ).
Figure 1. Callus derived plants of Phaseolus vulgaris, infected with BYMV
Leaf blades were cultured on GB basal medium to study their callus induction ability. The explants formed white friable callus after 2 weeks of culture. Results obtained are illustrated in Figure 2 . The results reveal that leaf segments yielded a mass of compact white soft callus with a smooth, wet-looking surface (Figure 2A ) that turned pink-yellow over time. In 20-23 days of incubation callus induction rates decreased significantly, callus started to be compact and granular ( Figure 2B ). The explants turned to yellow in color following two weeks of incubation. With time calli growth was stopped then tissues were dried out, necrotized and wrinkled showing the sign of dying off ( Figure 2C ). The features of proliferation of callus originally raised from the BYMV-infected bean leaves, as well as the low growth rate of callus tissue, are probably due to the high pathogenicity of the virus in bean plants, which significantly restrained the growth of callus. The results obtained indicate that this model system is not suitable for further research on the study of antiviral substances. Therefore, in further work, we focused on the BCMV, as a possible component of the experimental system. According to our observations [4] , BCMV is less pathogenic then BYMV and is transmitted at a high frequency through seeds. This circumstance made it possible to obtain virus-infected callus from the 2 sources of explants -leaf and seed germs. Therefore, there was a real opportunity to recovery bean seedling grown from infected seeds. As in the previous case, for callus formation it was selected the bean plants with characteristic symptoms of the BCMV infection -light and dark green systemic mosaic, rugosity, upward and downward leaf curl, stunted growth, leaf roll and malformation of leaves. As a control we used callus raised from a healthy (uninfected) bean plants.
Presence of BCMV in symptomatic plants ( Figure 3 ) was confirmed with polymerase chain reaction (RT-PCR). The amplification of the CP gene from tissues of infected plants with BCMV primers generated a single DNA fragment of the expected size (~391 bp). Amplification did not occur in the control samples ( Figure 4 ). Callus, raised from BCMV-infected bean leaf, seed germ and stem internodes was cultured in a thermostat at 24-25° C for two weeks, and therefore in a luminostat under a photon flux density of 50 µmol/m 2 / s, emitted from 'Fluora' fluorescent lamps up to 2.5-3 months. Callus initiation was observed in a week after the explants were placed on media. Generally, the callus tissues grew quite intensively and did not differ in all variants of the experiments (leaf or stem internodes, virus-infected and virus-free) at the beginning. The effective formation of callus was observed in all cases. With time callus proliferated into pale yellow and became compact ( Figure 5 ). During the experiment, it was found that formation of the derived from different sections of one leaf occurs unevenly: no notable callus formed in a number of explants obtained from infected plant. Eventually explants were died without forming primary callus. In other cases the calluses having translucent pale yellow or white peripheral tissue with greenish inner tissue grew and were not watery in consistency, somewhat fragile, but with a dense inner part. Translucent tissue gradually became dark yellow or orange with brown and relatively compact inner core in later stage. Subsequently, the cell growth stopped, but degenerative processes were not observed. Antiviral activity of liposomal glycan preparations was measured by inhibitory effects of BCMV replication in cell culture and has been used to evaluate their efficiency in vitro. For this purpose we first examined toxicity of LPs to callus cells. According to our previous experiment GGK-3 and GGK-4 application at concentrations in the nutrient medium (500 mg/l) led to severe toxicity development. The date obtained indicates the negative impacts of even at relatively low concentrations of GGK-4 for callus cells and their viability (data not shown). Therefore, in further experiments only GGK-3 was tested at low concentration (100 and 10 mg/l).
Our findings demonstrate that exposure to 10 mg/l of GGK-3 did not decrease the relative growth rate of callus and as a result did not show a clearly pronounced inhibitory activity on callus tissue formation in vitro compared with the control (Figure 6 ). As can be seen from Figure6, morphogenic responses leaf explants exposed to lower concentrations of GGK-3 ( Figure 5 ) and normal ( Figure 6 ) conditions did not differ. The effective callus formation with large cell colonies was observed on leaf explants in all variants of the experiments. The calli grown in both control and experimental groups were composed of translucent and soft inner tissue with white or cream-colored and compact peripheral tissue. This compound at a concentration of 100 mg/l was also slightly toxic. It should also be noted that the most suitable for obtaining the ССС is the explants obtained from the internode and the leaf sections along the central vein. These data obtained can be useful for efficient eradication of various viruses from almost all of the most economically important crops and cultivation of virus-free plants as one of the important approaches in novel viral disease control strategy.
Discussion
Viruses cause many important plant diseases and are responsible for significant losses in crop. The most unprotected are plants capable of transmitting viruses from generation to generation by seeds or through vegetative propagules. These viruses include Bean yellow mosaic virus and Bean common mosaic virus that affect leguminous plants beans [4, 5] . Many important horticultural and agronomically important crops are routinely freed of viral contamination using tissue culture procedure combined with chemo-or thermotherapy.
The tissue culture technology is being improved all the time for the mass propagation of plant, but Fabaceae plant are lagging behind due to their recalcitrant nature to in vitro techniques [11] . By this time the using of environmentally friendly preparations in the tissue culture technology is unknown.
In this work, to obtain the virus-free plant we attempted to combine callus cell culture technique with the using liposomal preparations. For testing antiviral activity of LPs it was selected nutrient media that is most appropriate for bean somatic tissue cultivation. Also it was shown the possibility of virus elimination from callus in the presence of liposomal forms of glycans.
Earlier Shcherbatenko and Oleshchenko reported [3] that under the long-term cultivation, tospoviruses can be eliminated from infected callus. As shown previously, glycans obtained from yeasts and higher Basidiomycetes mushrooms, can inhibit viral infections and activate nonspecifc defense mechanisms in host plants as well as suppress tumor growth induced by A. tumefaciens [2] . In this study liposomal forms of glycans were used at the first time for in vitro methods for plant virus eradication. Their high efficacyм as a means of controlling plant viral diseases was confirmed on the callus cell culture [6] . In general, our and literature data demonstrate, on the one hand, the nonspecificity of the action of glycans and glycan-containing complexes against pathogens, and, on the other, some analogy of transformed pathogens with undifferentiated (meristematic) plant cells. This makes it possible to use for practical purposes a system with such features of plant cell cultures -as universal models for screening or studying antiviral and antitumor properties of different compounds. The authors hope that further work in this direction will allow to develop a new technology for cultivation of virus-free plants and new effective means against viral, fungal and bacterial diseases.
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